The Drosophila subobscura cluster comprises D. subobscura, D. madeirensis and D. guanche, species closely related so some interspecific crosses are possible. This paper clarifies definitively the homologies of the segments of the sex chromosome A (= X) among these species and thus permits a phylogenetic seriation of them. This seriation is identical to the one suggested by the study of chromosome 0 and concordant with similar data for the remaining three rod autosomes (J, U and E), which, however, do not provide qualitative evidence on this subject.
INTRODUCTION
Trees, revealing the phylogenetic relationships among species, depict the historical dimension of their evolutionary process, especially cladogenesis, but are very poor indicators of the evolutionary mechanisms. Molecular techniques provide a powerful tool for inferring phylogenetic relationships. In certain cases, however, more classical approaches are as, if not more, powerful: the identification of homologies of chromosomal segments among closely related species. The three species belonging to the subobscura cluster of species of the obscura group of the genus Drosophila, namely D. subobscura, D. madeirensis and D. guanche, constitute such a case.
From crosses between D. madeirensis and D. subobscura, and between D. madeirensis and D.
guanche, Krimbas and Loukas (1984) were able to establish the following gene arrangements for D. madeirensis and D. guanche in relation to the standard sequence of D. subobscura: D. madeirensis: A16BC+1; JST;EST; U1±2; 03 D. guanche: A16BcD±ga; Jgb E5; U1÷2; °3+gd where ST indicates the standard sequence of D. subobscura and numbers and letters symbolize inversions, while the plus sign indicates the presence of more than one inversion on that chromosome. Inversions A1, U1÷2, 03 are inversions already known from the study of the chromosomal polymorphism of D. subobscura, whereas A16BCD was a new small distal inversion on the sex chromosome fixed in the other two species, and Aga, Jgb, Egc,°gd were inversions specific to D.
guanche.
The case of chromosome 0 is of special interest: in D. subobscura inversion 03 is never found alone but only in combination with the overlapping inversion 04, thus forming the arrangement 03+4. Four inversions were needed to make the transition between the two species for the proximal part of the chromosome and two more for the remaining part, six in total. For the remaining chromosomes Molto et aL corrected the position of some break points given by Krimbas and Loukas (1984) and Felger (1985 , in Molto et aL 1987 . The purpose of the present paper is to correct Molto et aL's interpretation and establish an accurate homology among the different regions of the A chromosome of the species of the subobscura cluster and thus provide a firm ground for inferring phylogenetic relationships for these species. In fig. 5 we summarize, in a drawing, the homologies among the three species for all the segments of chromosome A.
DISCUSSION
It is now possible to attempt the establishment of the phylogenetic relationships of the three species In this seriation the older species, the root of the tree, cannot be established but it was possible to figure it out when outgroups were used: in a study of the homologies of autosomes of nine species of the obscura group, including the species of the subobscura cluster, it was found that D. guanche is closer to D. subsilvestris and D. obscura and by them to the remaining species (Brehm and Krimbas, in preparation) .
It may seem somewhat odd to position phylogenetically extant species in a row instead of using a tree structure; undoubtedly in theory a tree topology describes better the evolutionary development, however, the most parsimonious description in our case suggests that for chromosome A evolution, some of the tree branches have a zero length, collapsing the tree to a linear seriation. The method of inference of phylogenetic relations we used, presupposes several assumptions. For drawing phylogenetic relations between gene arrangements we have followed the method of overlapping inversions of Sturtevant and Dobzhansky (1936) of polymorphisms which would lead to several fixations or to fixations in a reverse order from the temporal order of the generation of these inversions. These assumptions will not be discussed here, since they have been examined in detail by Krimbas and Powell (1990) .
The seriation proposed for the three species based on data of chromosome A is oncordant with that derived from data on overlapping inversions of chromosome 0 as explained already in the Introduction. The study of the other three rod shaped autosomes (the species also possess a pair of dot chromosomes), namely U, E and J, does not provide further qualitative data for ordering the species in a series through overlapping inversions. However, it is possible to include in parallel the evolution of these chromosomes too in the scheme of the phylogenetic seriation of the three species, as depicted in fig. 8 . Not only do they look compatible but they also indicate that D. guanche differs much more from D. madeirensis than this species from D. subobscura.
These "relations" are concordant with the strength of the reproductive barrier observed among these species. In nature this barrier is quite effective, in the laboratory in forced conditions, as already mentioned in the Results section, hybrids can be obtained only between D. subobscura and D. madeirensis (in both ways, only females are fertile), and between D. madeirensis and D.
guanche (only one way, both sexes are sterile) but not between D. subobscura and D. guanche. This good concordance between chromosomal data and the strength of the reproductive barrier is further evidence for the correctness of the phylogenetic relationships presented in this study.
